ABSTRACT: Marine oil spillage accidents greatly impact major risks to the environment in terms of the acute and chronic adverse effects not only to the offshore, but also the coastal ecosystem. This study assessed single and joint toxicological effect of Dispersit SPC 1000 and Bonny Oil on mudskipper fish (Periophthalmus papilio) from the brackish water research station of African Regional Aquaculture Centre, Buguma, Rivers State, Nigeria. The physicochemical parameters observed throughout the study were the pH, alkalinity and salinity were 6.83 ± 0.1, 40 mg/L± 0.2 and 17,655 mg/L respectively. The temperature and Dissolved oxygen (D.O.) and specific gravity averaged 26.7 o C ± 0.1, 5.70 mg/L ± 0.02 and 1.008 ± 0.001, respectively. Dispersit SPC 1000 was found to be toxic to the mudskipper at various % (v/v) concentration, above 60 % (v/v) concentration no fish survived after one hour. The relation between the probit mortality and log concentration showed a strong positive correlation between the dispersant concentration and fish mortality within 3 hours, with r 2 = 0.813 p = 0.05;The lethal dose Lc50 was 73.48%. Within 6 hours, the mortality increased as the dispersant exposure concentration was increased (r 2 = 0.872, p =0.05). The results of exposure of the mudskippers to the water-oil-dispersant mix (CEWAF) showed lower mortalities. Mortality was observed after 72 hours for dispersant concentration above 54 %. 63% dispersant concentrations, 20% mortalities was observed between 72 and 96 hours. Dispersit SPC 1000 alone was highly toxic, and the toxicity of CEWAF was primarily caused by the presence of dispersant. There was no joint increase in toxicity between bonny oil and the chemical dispersant, as the mixing of the dispersant by the oil resulted in diminished toxicity of CEWAF and lower mortality.
Anthropogenic pollutants and physical disturbances on marine and estuarine plants, animals, ecosystems and habitats have had toxic and adverse biological effects aquatic organisms and human (Alan et al., 2013) . Aquatic organic organisms, particularly fishes respond differently to the toxic effects of these pollutants Zhibing et al., 2012) . The Mudskippers, a group of goggle-eyed amphibious fish that are uniquely adapted to live on mudflats gobies (You et al., 2014; Gordon et al., 1969) and are entirely different from many other fishes as they can breathe comfortably, in water, as well as in air (Graham, 1997; Adeyemi and Deaton, 2012) . They have been found to exhibit tolerance to contaminants and sturdiness to environmental stressors, which give them the capacity to be chronically exposed to toxicants without significant acute effects Guardiola, et al., (2012) , while their relatively low trophic status makes them less prone to biomagnifying toxicants (Polgar, et al.,2010 ; Xinxin et al., 2018) . These fishes are airbreathing, and are widely distributed throughout the West Africa Coast and the Indo -Pacific region Polgar and Richard (2010) .They are closely linked to mangrove and adjacent soft bottom peri-tidal ecosystems. They are benthic burrowers in anoxic sediments Ishimatu and Gonzales (2011) , and since tidal mudflats are efficient sediment traps, and sinks for nutrients and other chemical compounds (Abid et al., 2014) , they are constantly in contact with several types of pollutants. Mudskippers are remarkably high ammonia-tolerant fish and possess various strategies to ameliorate ammonia toxicity during exposure to environmental ammonia. (You et al., 2018; You et al., 2014; Weihrauch et al., 2009) . Although Mudskippers have been found to exhibit tolerance to contaminants and sturdiness to environmental stressors, Dabrussi et al., (2011) they are not able to resist the oil pollution unlike other fish as they spend most of time out of and are in direct contact with water polluted with oil (Feng, 2003; Shirani, 2012) .The accumulation of toxic substance is of public health concern. The Codex Alimentarius, which is overseen by the World Health Organization (WHO) and Food and Agriculture Organization of the United Nations (FAO), both recognizes and encourages the application of seafood depuration WHO and FAO (2009) . The toxic effects of petroleum hydrocarbon on aquatic organism have been determined by various workers (Kadar, et al., 2005; Ansari et al., 2012) .Mudskippers have been found to be highly sensitive to very low concentrations of water soluble fraction of petroleum fuel (Shirani et al., 2012; Dutton and Fisher, 2012) . The additions of dispersants to the water accumulated fraction enhance the toxicity of oil toward various aquatic organisms as the total petroleum hydrocarbon concentration (TPH) increases (Sheryll et al., 2015; Dang et al., 2012) .
However, the toxicological effect of this dispersant (Dispersit SPC 1000) and it's combining crude the Bonny oil has not been investigated for mudskipper fish. Therefore, this study investigated the single and joint toxicological effect of dispersit SPC 1000 and bonny oil on mudskipper fish (periophthalmus papilio) from the brackish waters of Buguma, Rivers State, Nigeria. Mudskippers were used because of their economic significance, and also have been found to exhibit high tolerance to contaminants. The dispersant, Dispersit SPC 1000, was selected for study because oil dispersed with Dispersit SPC 1000 have been found to be toxic to two standard test species USEPA, (2002) . The acute toxicity (LC50 of Dispersit SPC 1000 only to some species have been found to be: Menidia Bahia, 48 hour 16.6 ppm; Menidia Berylilina, 96 hour 3.5 ppm. In oil and Dispersit SPC 1000 (10:1 V:V) mixture the toxicity, LC50 to the two species Menidia Bahia and Menidia Berylilina were respectively 48 hour 8.2 ppm and 96 hour 7.9 ppm (Heather et al., 2016) . Moreover, Dispersit SPC 1000, is composed of highly effective emulsifiers, dispersants and a water-soluble coupling solvent, is very effective in fresh and brackish water, and maintains effectiveness when diluted with water unlike other petroleum based products BP, 2010; BP(2011) .
MATERIALS AND METHODS
Sampling Site: The sample species were obtained from the brackish water research station of African Regional Aquaculture Centre, Buguma, Rivers State, Nigeria. Buguma is situated at 4.73° North latitude, 6.86° East longitude and 378 meters elevation above the sea level. The research was then carried out at Pollution Control and Environmental Management Limited (POCEMA) Laboratory at Rumuodomanya, Port Harcourt, River State, Nigeria.
Source of Experimental Fish:
Two hundred and fifty (250) adult, mudskipper P. Papilio of equal size were collected from the mangrove swamps in Buguma creek at low tide using locally made fishing trap. They were then transferred in six 50 liter plastic tanks to the laboratory for acclimation process.
Acclimation and Feeding of Fish:
Various water media of different composition of distilled and saline waters were used to assess the most suitable medium of acclimatization for the test organism. The experimental fish were acclimated in six 150L capacity circular plastic tanks containing 150L dechlorinated water and mud at the bottom. They were then acclimated for 14 days before the formal toxicological tests were performed. A temperature of 28 ± 1 0 C and a pH ranging from 7.4 to 8.1 was observed during the testing. The fish used in the acute and sub chronic tests were domesticated under the aforementioned conditions for two weeks to acclimate them to the test conditions. The fish were fed with crushed freshly killed crabs each day at regular intervals until 24 h before the acute and sub-chronic tests were performed. Netted materials with central slits were tied to the tops of the tanks to prevent escape of fish. Water was redrawn once every day for physicochemical analysis.
The study involved the examination of acute toxicity of Dispersit SPC 1000 and dispersant light crude oil mixtures on mud skipper fish. The static renewal toxicity test method was employed. Assessment of crude oil -only and dispersant-oil toxicity was determined using water accommodated fractions (WAF) of Dispersit SPC 1000 and chemicallyenhanced water accommodated fractions (CEWAF) of crude oil (Sikoki and Lelei 2013).
Preparation of Test Stock Solution:
Chemically enhanced water accommodated fraction (CEWAF) of crude oil were prepared under laboratory conditions, in closed, low energy mixing systems recently internationally adopted through the "CROSERF" forum (Chemical Response to Oil Spills -Ecological Effects Research Forum).The preparation was done following methods proposed by Sikoki and Lelei (2013); Hemmer et al (2010); Fuller and Rotton et al (1999) and OECD 2014(4) for the preparation of WAF After 24 h of stirring, 1:10 ratio "high dose" of Dispersit SPC 1000 to crude oil, was added (per standard recommendation for dispersant toxicity for maximum effect, Hemmer et al.(2010) . After 1 h of additional stirring, the stir plate was shut off and the CEWAF was allowed to settle for 12 h, after which time the bottom layer was collected in the same way as the WAF. All treatments were made from the same sample of bonny crude oil. Replicates of the test organisms were exposed to different levels of concentrations of CEWAF, every 24 h during the definitive test water samples and analyzed.
Acute Toxicity Test: Exposure of Fish to Dispersit SPC 1000: 20 Mudskippers each were introduced individually into 6 tanks, of dimension 1.5 m x 1m x 0.5 m containing various concentrations of Dispersit SPC 1000 of between 0-100% (v/v). Each treatment(s) replicated twice and the experimental duration lasted for a period of 96 hours. The solution for each concentration was renewed daily, with freshly prepared solution of Dispersit SPC 1000. The tanks were covered with netted materials and supported with heavy objects to prevent the mudskipper from escaping. The mortality was monitored at fixed intervals of 12, 24, 36, 48, 60, 72, 84 and 96 hours. Dead fish were counted at 12h intervals and removed from aquaria. A fish was considered dead when it showed no visible movement (e.g. gill movements) and touching its caudal peduncle did not produce any reaction
Exposure of Fish to light crude oil and CEWAF:
The threshold concentration was determined by using the protocols adopted by Hemmer et al (2010) ; OCED 2014(4); OECD (1992 ) and OPPTS 850.1075 , (1996 . A preliminary range finding test was done on CEWAF of the dispersant and crude oil to determine the threshold concentrations at which minimum responses were recorded and concentrations levels noted, (where the anticipation level was expected to be 100% fatality), which was followed by finding a definitive test to determine the LC50. Then test organisms were separately exposed to the following: blackish waterdistilled water mixture (50%}, bonny oil ( 50%) and then replicates of different levels of concentrations of CEWAF. Every 24 h during the definitive test, water samples were drawn and analyzed for the physicochemical parameters
Statistical Analysis: Data analysis of all the results was carried out with IBM SPSS version 22 (IBM, Armonk, NY, USA) and XLSTAT module 2018, from which the Probit Analysis was done to determine the lethal concentrations that killed 50% of the population. One way ANOVA was computed to determine the differences in the physicochemical parameters.
RESULTS AND DISCUSSION
Water Quality characteristics: The results of the water Quality characteristics and assessment of the most suitable water medium of acclimatization for the test organism are presented in Tables 1& 2. The pH, alkalinity and salinity were 6.83 ± 0.1, 40 mg/L ± 0.2 and 17,655 mg/L respectively. The temperature and Dissolved oxygen (D.O.) and specific gravity averaged 26.7 o C ± 0.1, 5.70 mg/L ± 0.02 and 1.008 ± 0.001, respectively. One way ANOVA results showed that there were no significant differences between pH, temperature, Total Dissolved Solids (TDS), salinity, Dissolved Oxygen (DO) and alkalinity for all the media used for the toxicity study, however, with Electrical conductivity (EC), and hardness indicated that there were some significant differences. Tables 2, indicates that the most suitable water medium that showed 80-85% survival of the mudskipper fish was the diluted brackish water (50% blackish waterdistilled water mixture. All mudskippers exposed to bonny oil only and various composition of oil-water mix survived after 96 hours (Table 3 ). This suggests that the toxicities of the oil and the oil-water mix were not high enough to cause mortality to the fish. The results of mudskipper exposure tanks with dispersant concentration between 0 -100% (v/v) used for the toxicity studies of the toxicity of the dispersant only is presented in Table 4 . The dispersant. Dispersit SPC 1000 was found to be toxic to the mudskipper at various (v/v) concentration No fish survive at 5% (v/v) concentration after 6 hours. Also 100% mortality was observed for 15% (v/v) concentration Dispersit SPC 1000 after 3 hours. Above 60 % (v/v) concentration NO fish survived after one hour. 0  0  0  0  0  0  0  1  0  0  0  0  0  0  5  0  20  40  40  80  100  10  0  40  80  100  100  100  15  0  40  100  100  100  100  20  20  80  100  100  100  100  40  60  60  100  100  100  100  60  100  80  100  100  100  100 The relation between the probit mortality and log concentration (Figure 1) showed within 3 hours, that is a strong positive correlation between the dispersant concentration and fish mortality with r 2 =0.813 p=0.05; and y = 3.95x -2,202 (Fig. 1) . The lethal dose Lc50 was 73.48%. Within 1-6 hours, the mortality increased as the dispersant exposure concentration was increased (r 2 =0.872, p=0.05) and y= 3.438x -2.217 as shown in Figure 2 . The coefficient of determination (r 2 x 100), which is an expression of the effect of the varied concentration on mudskipper mortality, was 81.3% within 3 hours and 67.3% in 5 hours. Thus the mortalities for an exposed concentration increased with the exposure time. The coefficient determinations suggest that the mudskipper mortality was not solely due to the dispersant. Other factors such as the released PAHs and stress might have contributed to the mortalities as reported by (Arditsoglou and Voutsa, 2012; BP. (2010) . The results of exposure of the mudskippers to the wateroil-dispersant mix (CEWAF) showed lower mortalities. Mortality was observed after 72 hours for dispersant concentration above 54 %. For both 54 % and 63% dispersant concentrations, 20% mortalities were observed for both concentrations between 72 and 96 hours. Toxicity tests have shown that in all cases the dispersants, Corexit 9500A, Dispersit SPC 1000™ and JD 2000, alone were less toxic than the CEWAF (Hemmer et al., 2010; OSAT (2011) alone Also increase toxicity have been observed under field conditions, have been attributed to exposure to multiple stressors at any given time, and could result in additive, synergistic, or antagonistic effects. Corexit 9500 mixed with Number 2 fuel oil at a 1:10 ratio has been found to be ten times more toxic than Corexit 9500 alone Denison, (2010). However, the results of this study showed that joint toxicity of CEWAF of bonny oil and the dispersant were less than the dispersant alone. The relatively higher toxicity of Dispersit SPC 1000™ alone compared to the CEWAF prepared from bonny oil dispersed with Dispersit SPC 1000™ could be due to dilution and mixing by the oil, resulting in rapidly diminished exposure concentrations to the mudskippers. This is similar to what have been observed for .dynamic environments. The lower toxicity observed for the CEWAF is not strange, as others have found that the dispersants don't increase the toxicity of the oil, they increase the amount of oil mixed into water by 100-fold compared to undispersed oil floating on the water Adams et al., 2013; Hodson et al., (2015) . Data released by the EPA from its own testing on Corexit 9500 (and seven other dispersants), and concluded that the acute toxicity of the dispersantoil mixture is about the same as the oil by itself Denison, (2010).
The coefficient of determination of the effect of varied dispersant concentration on mudskippers mortality was 76.3%. This also suggests a decreased in toxicity of the dispersant in the oil-dispersant mix, CEWAF. Thus the chemical dispersion of the bonny oil did not increase the risk of toxicity of the CEWAF to mudskipper fish relative to the dispersant only. Mortalities have occurred due to exposure of the fish to the CEWAF, which were partly ascribed to the toxic effect of components of the oil, petroleum hydrocarbons, released into the water-oil-dispersant mix (Santander-Avancen et al., (2016) . Even though the addition of dispersant to oil increased the amount of total petroleum hydrocarbons (TPH) and toxic PAHs released into the water-oil-dispersant mix (CEWAF), in this study the toxicity of CEWAF was primarily due to the presence of dispersant since the mudskippers survived in the bonny oil only. In summary, No mortality was observed for the oil only. The mortality caused by the dispersant, Dispersit SPC 1000, only to mudskippers was higher than that of CEWAF. Thus the oil did not increase the toxicity of the dispersant in the CEWAF. There was no joint increase in toxicity between bonny oil and the chemical dispersant, as the mixing of the dispersant by the oil resulted in diminished toxicity of CEWAF and lower mortality. 
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